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ȼɈɁȻɍɀȾȿɇɂȿ ɉȿɊɂɈȾɂɑȿɋɄɈɃ ɋɌɊɍɄɌɍɊɕ ɌɂɉȺ
ɗɒȿɅȿɌɌɆɈȾɍɅɂɊɈȼȺɇɇɕɆɉɈ ɉɅɈɌɇɈɋɌɂ
ɗɅȿɄɌɊɈɇɇɕɆɉɈɌɈɄɈɆ
ɋ.ȼ. Ⱥɮɚɧɚɫɶɟɜ
Ɍɜɟɪɫɤɨɣ ɝɨɫɭɞɚɪɫɬɜɟɧɧɵɣ ɭɧɢɜɟɪɫɢɬɟɬ,
ɤɚɮɟɞɪɚ ɨɛɳɟɣ ɮɢɡɢɤɢ
ɉɨɥɭɱɟɧɨ ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ ɨɛ ɢɡɥɭɱɟɧɢɢ ɦɨɞɭɥɢɪɨɜɚɧɧɨɝɨ ɩɨ ɩɥɨɬɧɨɫɬɢ
ɷɥɟɤɬɪɨɧɧɨɝɨ ɩɨɬɨɤɚ ɧɚ ɩɟɪɢɨɞɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɟ ɬɢɩɚ ɷɲɟɥɟɬɬ.
ȼ [1] ɜɵɫɤɚɡɵɜɚɥɢɫɶ ɫɨɨɛɪɚɠɟɧɢɹ ɨ ɩɨɥɟɡɧɨɫɬɢ ɢɫɩɨɥɶɡɨɜɚɧɢɹ
"ɡɚɣɱɢɤɨɜ" ɷɥɟɤɬɪɨɧɧɨɝɨ ɩɨɬɨɤɚ ɞɥɹ ɜɨɡɛɭɠɞɟɧɢɹ ɩɟɪɢɨɞɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɵ
ɧɚ ɫɤɨɪɨɫɬɹɯ, ɩɪɟɜɵɲɚɸɳɢɯ ɫɤɨɪɨɫɬɶ ɷɥɟɤɬɪɨɧɨɜ. ȼ ɢɡɜɟɫɬɧɵɯ
ɷɤɫɩɟɪɢɦɟɧɬɚɥɶɧɵɯ ɢɫɫɥɟɞɨɜɚɧɢɹɯ [2] ɢɫɩɨɥɶɡɨɜɚɥɫɹ ɲɢɪɨɤɢɣ ɥɟɧɬɨɱɧɵɣ
ɩɨɬɨɤ ɷɥɟɤɬɪɨɧɨɜ, ɩɪɨɦɨɞɭɥɢɪɨɜɚɧɧɵɣ ɩɨ ɩɥɨɬɧɨɫɬɢ ɜ ɡɚɡɨɪɟ ɪɟɡɨɧɚɬɨɪɚ
ɬɪɟɯɫɚɧɬɢɦɟɬɪɨɜɨɝɨ ɞɢɚɩɚɡɨɧɚ ɢ ɩɚɞɚɸɳɢɣ ɧɨɪɦɚɥɶɧɨ ɧɚ ɨɞɧɭ ɢɡ ɝɪɚɧɟɣ
ɩɟɪɢɨɞɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɵ ɬɢɩɚ ɷɲɟɥɟɬɬ. ɉɚɪɚɦɟɬɪɵ ɷɲɟɥɥɟɬɚ ɢ ɩɭɱɤɚ
ɩɨɡɜɨɥɹɥɢ ɜɨɡɛɭɠɞɚɬɶ ɩɨɜɟɪɯɧɨɫɬɧɭɸ ɜɨɥɧɭ ɜ ɜɨɫɶɦɢɦɢɥɥɢɦɟɬɪɨɜɨɦ
ɞɢɚɩɚɡɨɧɟ.
ɇɢɠɟ ɩɪɢɜɨɞɢɬɫɹ ɫɬɪɨɝɨɟ ɪɟɲɟɧɢɟ ɝɪɚɧɢɱɧɨɣ ɡɚɞɚɱɢ ɨ ɜɨɡɛɭɠɞɟɧɢɢ
ɩɟɪɢɨɞɢɱɟɫɤɨɣ ɫɬɪɭɤɬɭɪɵ ɬɢɩɚ ɷɲɟɥɟɬɬ ɞɜɭɦɟɪɧɵɦ ɦɨɞɭɥɢɪɨɜɚɧɧɵɦ ɩɨɬɨɤɨɦ
ɷɥɟɤɬɪɨɧɨɜ. Ƚɟɨɦɟɬɪɢɹ ɡɚɞɚɱɢ ɩɪɟɞɫɬɚɜɥɟɧɚ ɧɚ ɪɢɫ. 1. 
Ɋɢɫ. 1. Ɋɚɫɩɨɥɨɠɟɧɢɟ ɜ ɩɪɨɫɬɪɚɧɫɬɜɟ ɜɨɥɧɵ ɩɥɨɬɧɨɫɬɢ ɬɨɤɚ ɢ ɩɟɪɢɨɞɢɱɟɫɤɨɣ
ɫɬɪɭɤɬɭɪɵ
ɗɲɟɥɟɬɬ ɨɛɪɚɡɨɜɚɧ ɫɦɟɳɟɧɧɨɣ ɞɪɭɝ ɨɬɧɨɫɢɬɟɥɶɧɨ ɞɪɭɝɚ ɫɢɫɬɟɦɨɣ
ɦɟɬɚɥɥɢɱɟɫɤɢɯ ɜɨɥɧɨɜɨɞɨɜ, ɡɚɤɨɪɨɱɟɧɧɵɯ ɫ ɨɞɧɨɣ ɫɬɨɪɨɧɵ. Ⱦɥɹ ɪɟɲɟɧɢɹ
ɢɫɩɨɥɶɡɭɟɦ ɞɜɟ ɞɟɤɚɪɬɨɜɵ ɫɢɫɬɟɦɵ ɤɨɨɪɞɢɧɚɬ xoz ɢ ȘȠȟ, ɫɜɹɡɚɧɧɵɯ
ɨɪɬɨɝɨɧɚɥɶɧɵɦɢ ɩɪɟɨɛɪɚɡɨɜɚɧɢɹɦɢ, Ti – ɭɝɨɥ ɩɚɞɟɧɢɹ ɩɨɬɨɤɚ ɧɚ ɷɲɟɥɟɬɬ, Tp – 
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ɭɝɨɥ ɪɚɫɫɟɹɧɢɹ ɪ-ɣ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɝɚɪɦɨɧɢɤɢ. ȼ ɞɚɥɶɧɟɣɲɟɦ ɛɭɞɟɦ
ɢɫɩɨɥɶɡɨɜɚɬɶ ɬɨɱɧɨɟ ɪɟɲɟɧɢɟ ɡɚɞɚɱɢ ɨ ɞɢɮɪɚɤɰɢɢ ɩɥɨɫɤɨɣ,
ɥɢɧɟɣɧɨɩɨɥɹɪɢɡɨɜɚɧɧɨɣ ɜɨɥɧɵ ɧɚ ɞɢɮɪɚɤɰɢɨɧɧɨɣ ɪɟɲɟɬɤɟ ɢ
ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɣ ɦɟɬɨɞ ɜɵɱɟɬɨɜ, ɩɨɞɪɨɛɧɨ ɨɩɢɫɚɧɧɵɟ ɜ [3; 4].
ɉɥɨɬɧɨɫɬɶ ɬɨɤɚ ɨɩɪɟɞɟɥɹɟɬɫɹ ɫɥɟɞɭɸɳɢɦ ɨɛɪɚɡɨɦ:
³ DD QDGDDQU )()(),( 0 tnnrfdtrj
&&&&&&&
,    (1) 
ɝɞɟ ȡ0 – ɩɥɨɬɧɨɫɬɶ ɡɚɪɹɞɚ, Ȟ – ɫɤɨɪɨɫɬɶ ɜɨɥɧɵ ɩɥɨɬɧɨɫɬɢ, vvn /
&&  D , f(D) – 
ɡɚɞɚɧɧɚɹ ɮɭɧɤɰɢɹ ɩɥɨɬɧɨɫɬɢ ɩɨɬɨɤɚ ɩɥɨɬɧɨɫɬɢ.
ɉɨɫɤɨɥɶɤɭ ɜ ɞɚɥɶɧɟɣɲɟɦ ɧɚɫ ɛɭɞɟɬ ɢɧɬɟɪɟɫɨɜɚɬɶ ɫɥɭɱɚɣ ɧɨɪɦɚɥɶɧɨɝɨ
ɩɚɞɟɧɢɹ ɩɭɱɤɚ ɧɚ ɨɞɧɭ ɢɡ ɝɪɚɧɟɣ ɷɲɟɥɟɬɬɚ, ɩɨɥɨɠɢɦ
^ `0,0,,cossin [[D Q Q\\ { &&&&& xz nnnn .
ɉɨɥɟ, ɫɨɡɞɚɜɚɟɦɨɟ ɢɫɬɨɱɧɢɤɨɦ (1) (ɩɚɞɚɸɳɟɟ ɧɚ ɪɟɲɺɬɤɭ ɜ [3; 4]), ɦɨɠɟɬ
ɛɵɬɶ ɧɚɣɞɟɧɨ ɫ ɩɨɦɨɳɶɸ ɜɟɤɬɨɪɚ Ƚɟɪɰɚ, ɚ ɩɨɥɟ ɜɧɭɬɪɢ ɜɨɥɧɨɜɨɞɨɜ ɩɪɢ
ɡɚɞɚɧɧɨɣ ɤɨɧɮɢɝɭɪɚɰɢɢ ɩɚɞɚɸɳɟɝɨ ɩɨɥɹ ɦɨɠɟɬ ɛɵɬɶ ɪɚɡɥɨɠɟɧɨ ɩɨ
ɫɨɛɫɬɜɟɧɧɵɦ ɌɆ ɦɨɞɚɦ ɩɥɨɫɤɨɝɨ ɜɨɥɧɨɜɨɞɚ:
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ȼ ɢɬɨɝɟ ɩɨɥɟ ɜɧɟ ɷɲɟɥɟɬɬɚ ɫɤɥɚɞɵɜɚɟɬɫɹ ɢɡ ɩɚɞɚɸɳɟɝɨ ɢ ɨɬɪɚɠɟɧɧɨɝɨ
ɩɨɥɟɣ, ɤɨɬɨɪɵɟ ɭɞɨɛɧɨ ɞɥɹ ɫɨɩɨɫɬɚɜɥɟɧɢɹ ɫ [3; 4] ɡɚɩɢɫɵɜɚɬɶ ɜ ɜɢɞɟ
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ɋɥɟɞɭɸɳɢɦ ɜɚɠɧɵɦ ɦɨɦɟɧɬɨɦ ɩɪɢ ɪɟɲɟɧɢɢ ɝɪɚɧɢɱɧɨɣ ɡɚɞɚɱɢ
ɹɜɥɹɟɬɫɹ ɫɲɢɜɤɚ ɜɵɪɚɠɟɧɢɣ (2), (3), (4) ɧɚ ɧɟɤɨɬɨɪɨɣ ɝɪɚɧɢɰɟ, ɤɨɬɨɪɨɣ
ɹɜɥɹɟɬɫɹ, ɟɫɬɟɫɬɜɟɧɧɨ, ɩɨɜɟɪɯɧɨɫɬɶ ɜɨɥɧɨɜɨɞɨɜ ɫ ɭɱɟɬɨɦ ɪɟɛɟɪ (ɬɨɱɤɢ Ⱥ ɢ ɋ,
ɪɢɫ. 1). 
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ɉɪɨɜɨɞɹ ɧɟɫɥɨɠɧɵɟ, ɧɨ ɝɪɨɦɨɡɞɤɢɟ ɜɵɱɢɫɥɟɧɢɹ, ɢɫɩɨɥɶɡɭɹ ɝɪɚɧɢɱɧɵɟ
ɭɫɥɨɜɢɹ ɢ ɭɫɥɨɜɢɹ ɨɪɬɨɝɨɧɚɥɶɧɨɫɬɢ ɫɨɛɫɬɜɟɧɧɵɯ ɮɭɧɤɰɢɣ, ɩɨɥɭɱɚɟɦ ɫɢɫɬɟɦɭ
ɭɪɚɜɧɟɧɢɣ ɞɥɹ ɤɨɷɮɮɢɰɢɟɧɬɨɜ Ⱥɪ:
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Ⱦɥɹ ɪɟɲɟɧɢɹ ɩɨɥɭɱɟɧɧɨɣ ɫɢɫɬɟɦɵ ɢɫɩɨɥɶɡɭɟɦ ɬɚɤ ɧɚɡɵɜɚɟɦɵɣ
ɦɨɞɢɮɢɰɢɪɨɜɚɧɧɵɣ ɦɟɬɨɞ ɜɵɱɟɬɨɜ (ɆɆȼ) [3]. 
ȼ ɆɆȼ ɫɬɪɨɢɬɫɹ ɜɫɩɨɦɨɝɚɬɟɥɶɧɚɹ ɮɭɧɤɰɢɹ f(Ȧ), ɩɪɢɱɟɦ ɮɭɧɤɰɢɹ f(Ȧ)
ɭɞɨɜɥɟɬɜɨɪɹɟɬ ɫɥɟɞɭɸɳɢɦ ɭɫɥɨɜɢɹɦ:
1) f(Ȧ) ɢɦɟɟɬ ɩɪɨɫɬɵɟ ɩɨɥɸɫɚ ɩɪɢ Ȧ =Ȗp, p= ±1, ±2,. ɢ ɩɪɢ Ȧ = –ȕin;
2) ɤɨɷɮɮɢɰɟɧɬɵ Ⱥ ɢ Ⱥɪ ɧɚɲɟɣ ɡɚɞɚɱɢ ɪɚɜɧɵ
AfsAsf inpp  E J )(Re   ,)(Re ,     (6) 
ɚ ɮɭɧɤɰɢɹ f(Ȧ), ɫɨɝɥɚɫɧɨ [3; 4], ɪɚɜɧɚ
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Ȼɟɡɭɫɥɨɜɧɨ, ɜ ɦɟɬɨɞɟ ɆɆȼ ɩɪɢɯɨɞɢɬɫɹ ɱɢɫɥɟɧɧɨ ɪɟɲɚɬɶ ɫɢɫɬɟɦɭ
ɥɢɧɟɣɧɵɯ ɭɪɚɜɧɟɧɢɣ, ɨɞɧɚɤɨ ɪɚɡɦɟɪɧɨɫɬɶ ɦɚɬɪɢɰɵ ɷɬɨɣ ɫɢɫɬɟɦɵ, ɧɟɨɛɯɨɞɢɦɚɹ
ɞɥɹ ɞɨɫɬɢɠɟɧɢɹ ɡɚɞɚɧɧɨɣ ɬɨɱɧɨɫɬɢ, ɡɧɚɱɢɬɟɥɶɧɨ ɦɟɧɶɲɟ, ɱɟɦ ɪɚɡɦɟɪɧɨɫɬɶ
ɪɟɞɭɰɢɪɨɜɚɧɧɨɣ ɦɚɬɪɢɰɵ.
Ʉɨɧɤɪɟɬɢɡɢɪɭɟɦ ɜɢɞ ɮɭɧɤɰɢɢ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɥɨɬɧɨɫɬɢ ɡɚɪɹɞɚ ɜ ɩɭɱɤɟ
(ɪɢɫ. 2): 
3,
2
cos1)( 0
0
 OD
O
S af .    (8) 
Ɋɢɫ. 2. Ɂɚɜɢɫɢɦɨɫɬɶ ɪɚɫɩɪɟɞɟɥɟɧɢɹ ɩɥɨɬɧɨɫɬɢ ɡɚɪɹɞɚ ɜ ɩɭɱɤɟ ɨɬ
ɩɪɨɞɨɥɶɧɨɣ ɤɨɨɪɞɢɧɚɬɵ
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ɇɚɣɞɟɦ ɤɨɷɮɮɢɰɢɟɧɬɵ ɨɬɪɚɠɟɧɢɹ ɩɪɨɫɬɪɚɧɫɬɜɟɧɧɨɣ ɝɚɪɦɨɧɢɤɢ ɩɨ
ɮɨɪɦɭɥɟ
i
Pp
p
A
A
R
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4
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cos
2
2
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Ɋɟɡɭɥɶɬɚɬɵ ɱɢɫɥɟɧɧɨɣ ɨɰɟɧɤɢ ɩɪɟɞɫɬɚɜɥɟɧɵ ɧɚ ɪɢɫ 3.
Ɋɢɫ. 3. Ɋɟɡɭɥɶɬɚɬɵ ɱɢɫɥɟɧɧɨɣ ɨɰɟɧɤɢ. R – ɤɨɷɮɮɢɰɢɟɧɬ ɨɬɪɚɠɟɧɢɹ, p – ɩɨɪɹɞɨɤ
ɂɡ ɪɢɫ. 3 ɫɥɟɞɭɟɬ, ɱɬɨ ɫɬɪɭɤɬɭɪɚ ɩɨɡɜɨɥɹɟɬ ɷɮɮɟɤɬɢɜɧɨ ɜɨɡɛɭɞɢɬɶ
ɩɨɜɟɪɯɧɨɫɬɧɭɸ ɜɨɥɧɭ ɧɚ 4-ɣ ɝɚɪɦɨɧɢɤɟ ɱɚɫɬɨɬɵ ɦɨɞɭɥɹɰɢɢ ɩɨɬɨɤɚ.
ɋɩɢɫɨɤ ɥɢɬɟɪɚɬɭɪɵ
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